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1. Title of the Invention 
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2. Scope of Claims 

I. A guest-host effect liquid crystal display device in which an electric field is applied 
to a mixed thin layer in which a poly genetic dye is used as a solute and a liquid crystal material 
5 is used as a solvent, so that distortion of alignment of liquid ciystal molecules is generated to 
cause an optical change, characterized in that no electrode is formed on one of substrates which 
form the display device and an electrode structure of the other substrate is an interdigital 
structure in which two electrodes are formed parallel to each other. 

10 2. A guest-host effect liquid ciystal display device in which an electric field is applied 

to a mixed thin layer in which a polygenetic dye is used as a solute and a liquid crystal material 
is used as a solvent, so that distortion of alignment of liquid crystal molecules is generated to 
cause an optical change, characterized in that at least one electrode is formed on one of 
substrates which form the display device and an electrode structure of the other substrate is an 

15 interdigital structure in which two electrodes are formed parallel to each other. 

3. Detailed Description of the Invention 

The present invention relates to an electrode structure of a display device to which a 
so-called guest-host effect in which a mixed system in which a polygenetic dye is used as a 

20 solute and a liquid crystal material is used as a solvent is formed into a thin layer with a 
thickness of about from 5 to 15 um and an electric field is applied, so that distortion of 
alignment of liquid crystal molecules is generated, and accordingly, optical density of a. specific 
light wavelength region is changed is applied. 

As a guest material used for the guest-host effect, for example, a dye with a high 

25 dichroic property such as Sudan Black B, Sudan Red BB, Sudan III, or 
4-nitro-4'dtmethylaminoazobenzene is used. As a host material, a nematic liquid crystal, a 
smectic liquid crystal, and a cholesteric liquid crystal are used. For example, MBBA 
(methoxybenzylidene-butylaniline) or the like is given for a nematic liquid crystal with negative 
dielectric anisotropy, and pentyl cyanobiphenyl or the like is given for a nematic liquid crystal 

30 with positive dielectric anisotropy. These liquid crystals to serve as hosts may be not only a 
single component but also a mixed liquid crystal in which several components are mixed. As 
the components, not only a nematic liquid crystal but also a cholesteric liquid crystal, a smectic 
liquid crystal, or a compound of an optically-active substance, a surface-active substance, and 
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the like, which are not liquid material i iy be mixed. 

In a liquid crystal element having a sandwich stiucmre, as for a guest-host effect in the 
case where liquid crystals having negative dielectric anisotropy are hosts and polygenetic dyes 
are guests, when nit dis :em < liquid crystal molecules is homeotropic alignment, the 
5 alignment of the liquid crystal molecules is turned into homogeneous alignment by application 
of an electric field. In addition, when polarization of incident light is set in a direction of 
dipole moment of the dye, color of a portion without electric field disappears whereas a portion 
to which a certain amount or more of electric field is applied is dyed. This method is suitable 
for so-called positive display because an effective active electrode portion (an electrode portion 

10 in which an electric field can be applied to a liquid crystal layer) of a transparent electrode is 
dyed. However, this method has defects in that a contrast ratio cannot be easily obtained and a 
response characteristic is not good, and thus this method is not suitable for practical use. 

On the other hand, good results of a contrast ratio and a response characteristic can be 
obtained in the case where liquid crystals having positive dielectric anisotropy are used as hosts 

15 and polygenetic dyes are used as guests. However, since color of the effective active electrode 
portion disappears and other portion without electric field is dyed, so-called negative type 
display is obtained in which color of a portion to which an electric field is applied disappears 
and other portion is dyed in the case where a positive type effective active electrode pattern is 
used in a sandwich structure. This problem is a cause of dark display for reflective display in 

20 which a display element is irradiated with surrounding light. 

The present invention is made in view of the problem. It is an object of the present 
invention to provide a device which is capable of positive display by a guest-host effect in 
which liquid crystals having positive dielectric anisotropy are used. 

In a guest-host effect liquid crystal display device of the present invention, an electrode 

25 structure for applying an electric field is that no electrode is formed on one of substrates and an 
interdigital structure in which two electrodes are formed on the same plane of the other substrate 
is employed. Alternatively, an electrode structure has a sandwich structure and electrodes on 
one of substrates have an interdigital structure. 

One implementation of the present invention is hereinafter explained with reference to 

30 drawings. 

FIG. 1 is a structural diagram of a display device of one embodiment of the present 
invention. Two electrodes 4 and 4' are formed parallel to each other on the same plane of an 
electrode-side substrate 3 which is opposed to a substrate 1, Although the electrodes 4 and 4' 
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may have a character pattern or a figure such as a circle, they definitely need to be formed 
parallel to each other. Therefore, the same character patterns are formed parallel to each other 
when the character pattern is employed, and concentric circles are formed when the figure of a 
circle is employed. 

5 Then, a driving power source 5 is connected between the electrodes 4 and 4'. Then, a 

portion between the substrates is filled with liquid crystal molecules 2 and polygenetic dyes 6. 
Accordingly, a liquid crystal display device is formed. 

In this case, a mixed system of the liquid crystal molecules 2 and the polygenetic dyes 6 
has homeotropic alignment (vertical alignment) as an initial alignment state. 

10 In this operational mechanism, a mixed system of liquid crystals having positive 

dielectric anisotropy and dyes has homeotropic alignment as initial alignment, and when power 
supply voltage from the driving power source 5 is applied between the two electrodes 4 and 4' 
on the electrode-side substrate 3 which is one of the substrates, the liquid crystal molecules 2 are 
realigned, by this electric field, in the direction of the electric field. Therefore, the polygenetic 

15 dyes 6 are also realigned in the same direction and a change in absorbance is generated. 
Accordingly, display can be performed. FIG. 4 is a spectrum diagram of absorbance on the 
assumption that an incident light ray of ON is parallel to long axis directions of the liquid crystal 
molecules 2 and the polygenetic dyes 6. 

FIG. 2 is a diagram for explaining a state of the display device when power supply 

20 voltage from the driving power source 5 is not applied. FIG 3 shows a diagram for explaining 
a state thereof when power supply voltage from the power source 5 is applied. 

Although in one embodiment of the present invention shown in FIG. 1, the mixed 
system of the liquid crystal molecules 2 having positive dielectric anisotropy and the 
polygenetic dyes 6 has homeotropic alignment as initial alignment by treatment of a substrate 

25 surface, the mixed system can have homeotropic alignment as initial alignment also by an 
electric field. 

FIG 5 is a structural diagram of a display device of another embodiment of the present 
invention. Substrates 3 and 3' are placed parallel to each other, and an electrode 4 is formed on 
one substrate 3 and two electrodes 4' are formed parallel to each other on the other substrate 3'. 
30 Then, a driving power source 5 having a potential of V[ is connected between the electrodes 4 
and 4', and a driving power source 5' having a potential of V? is connected between the 
electrodes 4' which are parallel to each other. Then, a portion between the substrates is filled 
with liquid crystal molecules 2 and polygenetic dyes 6. Ae 1 . le display device is 
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formed. 

The operation of this display device is explained. First, when the driving power 
source 5' is turned off and power supply voltage from the driving power source 5 is applied, a 
mixed system of the liquid crystals has homeotropic alignment as shown in FIG. 6. 
5 Next, when power supply voltage from the driving power source 5' is applied, the 

mixed system is realigned in a direction of an electric field. Accordingly, display can be 
performed. Note that power supply voltage from the driving power source 5 is not applied at 
this time. This display device does not particularly need treatment of a substrate surface, and a 
color-disappearing state and a dyed state are both active states; thus, the display device has a 
10 feature in that turn-on time and turn-off time can be controlled by driving voltage and a very fast 
response characteristic can be obtained. 

As described above, in the present invention, an electrode structure for applying an 
electric field is that no electrode is formed on one of substrates and an interdigital structure in 
which two electrodes which are parallel to each other are formed on the same plane of the other 
15 substrate is employed. 

Alternatively, electrodes have a sandwich structure and electrodes on one of substrates 
have an interdigital structure. 

When the display device of the present invention is used, a co. n i:- ! < racteristk arid 
response characteristic are excellent and positive display can be performed, and reflective liquid 
20 crystal display which can be driven with low power consumption can be obtained. 

4. Brief Description of the Drawings 

FIG. 1 is a structural diagram of a liquid crystal display device of one embodiment of 
the present invention. 

25 FIG 2 and FIG 3 each are a diagram for explaining the operation of the display device. 

FIG 4 is a spectrum diagram of the display device. 

FIG. 5 is a structural diagram of a liquid crystal display device of another embodiment 
of the present invention. 

FIG. 6 and FIG 7 each are a diagram for explaining the operation of the display device. 
30 1: substrate, 2: liquid crystal molecule, 3 and 3': electrode-side substrate, 4 and 4': electrode, 5 
and 5': driving power source, and 6: polygenetic dye. 

Agent: Patent Attorney Yoshihiko FUKUSHI 
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